Introduction {#sec1-1}
============

The head and neck cancers are one of the most common causes of cancer death worldwide with incidence rate varying in different regions in the Southeast Asia and Africa, the head and neck cancers accounts for approximately 8--10% of all cancers.\[[@ref1]\] The primary anatomic sites of the oral squamous cell carcinoma (OSCC) are buccal mucosa, lip, alveolar ridge, retromolar trigone, hard palate, floor of the mouth, the ventral two-thirds of the tongue, and oropharynx.\[[@ref2]\]

The key challenge to reduce the mortality and morbidity of this disease is to develop strategies to identify and detect the OSCC when it is at a very early stage, which will enable effective intervention and therapy. Detection of the OSCC is currently based on the expert clinical examination and histological analysis of suspicious areas, but it may be undetectable in hidden sites. Therefore, sensitive and specific biomarkers for OSCC may be helpful in screening high-risk patients. The biomarkers for early cancer detection must meet the following criteria: (a) the altered can be objectively measured; (b) must be measurable in small specimens; (c) must be altered in the high-risk tissues, but not in the normal tissues; and (d) must be altered in the early stages of cancer development. Unlike the other deep cancers, the OSCC occurring in the oral cavity is much easier to be monitored, specimens are easier to be collected for diagnosis, and the treatment is easier to be applied.\[[@ref3]\]

Tumor cells inhabit or produce biochemical substances which are referred to as tumor markers. These can be normal endogenous products that are produced at a greater rate in the cancer cells or the products of newly switched on genes that remain quiescent in the normal cells.\[[@ref4]\] The tumor markers may be present as intracellular substances in tissues or as released substances in the circulating body fluids such as serum, urine, cerebrospinal fluid, and saliva. Examples of using body fluids for tumor detection include sputum for the lung cancer diagnosis,\[[@ref5]\] urine for the urologic tumors,\[[@ref6]\] saliva for the OSCC,\[[@ref7]\] breast fluid,\[[@ref8]\] as well as serum or plasma for almost all types of cancers. With the recent diagnostic technological advances, however, the role of saliva as a tool for diagnosis has advanced exponentially.

The Tumor Markers {#sec1-2}
=================

Definition {#sec2-1}
----------

Lehto and Pontén have defined tumor markers as "specific, novel, or structurally altered cellular macromolecules or temporarily, spatially, or quantitatively altered normal molecules that are associated with malignant (and in some cases benign) neoplastic cells."\[[@ref9]\]

The tumor markers may be unique genes or their products are formed only in the tumor cells or they may be genes or gene products that are found in the normal cells, but are aberrantly expressed in the unique locations in the tumor cells.\[[@ref10]\]

The Potential Uses of Tumor Markers {#sec1-3}
===================================

Chan and Sell have summarized the potential uses of tumor markers \[[Table 1](#T1){ref-type="table"}\].\[[@ref11]\]

###### 

Potential uses of tumor markers
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An Ideal Tumor Marker {#sec1-4}
=====================

A biological marker should have certain characteristics that are applicable in all situations. Kaplan and Pesce have suggested the following criteria for an ideal tumor marker:\[[@ref12]\]

Be easy and inexpensive to measure in readily available body fluidsBe specific to the tumor being studied and commonly associated with itHave a stoichiometric relationship between plasma levels of the marker and the associated tumor massHave an abnormal plasma level, urine level, or both in the presence of micro-metastases, that is, at a stage when no clinical or presently available diagnostic methods reveal their presenceHave plasma levels, urine levels, or both that are stable and not subjected to wild fluctuationsThey should prognosticate a higher or lower risk for eventual development of recurrenceThey should change as the current status of the tumor changes over timeThey should precede and predict the recurrences, before they are clinically detectable.

The Saliva as a Perfect Diagnostic Medium {#sec1-5}
=========================================

The blood and saliva are the most widely studied body fluids that may contain reliable biomarkers for cancer detection. The saliva is an informative body fluid containing an array of analytes (protein, mRNA, and DNA) that is used as biomarkers for translation and clinical applications.\[[@ref13]\] The saliva has many advantages as a clinical tool over the serum and tissues, including simplicity of collection, storing and shipping, cost-effectiveness, easy availability of large sample volume for analysis, and repeated sampling for monitoring over time.\[[@ref14]\]

Thus, the saliva-based analysis, a noninvasive alternative to serum analysis, is an effective modality for diagnosis and prognostication of cancer as well as for monitoring post-treatment therapeutic response of the patients. Hence, the development of salivary diagnostic tools is of paramount importance, especially in the identification of high-risk group, patients with premalignant lesions and patients with a previous history of cancer.\[[@ref15]\]

Among all the malignancies, oral cancer is one such malignancy, where the saliva examination for detection shows the greatest benefit because of its direct contact with oral cancer lesions. The most important point for selecting saliva as a diagnostic tool is that it also contains the fallen cells in oral cavity which allow saliva to be the first choice of screening and identification of potential biomarkers in the oral cancer.\[[@ref3]\]

The Appearance of the Genotypic and Phenotypic Tumor Markers in the Saliva {#sec1-6}
==========================================================================

Although the exact mechanism for the presence of these tumor markers in saliva is unknown, they may be either derived from the serum or are produced locally.\[[@ref16]\]

[Figure 1](#F1){ref-type="fig"} summarizes the possible mechanism that leads to the presence of biomarkers in the saliva.\[[@ref17]\]

![The possible leading mechanism for the presence of molecular markers in the saliva](ABR-6-90-g002){#F1}

The Salivary Tumor Markers in Various Malignancies {#sec1-7}
==================================================

Clinical significance of the salivary biomarkers in various malignancies is studied by several investigators \[[Table 2](#T2){ref-type="table"}\]. Streckfus and Dubinsky discovered the presence of the salivary proteomics and genomics signatures in the patients with breast cancer. The authors reported human epidermal growth factor receptor 2 (Her2)/neu as the first salivary biomarker for the breast cancer and also documented raised levels of cancer antigen (CA 15-3) and Her2/neu as well as low levels of p53 in the patients with breast cancer.\[[@ref18][@ref19]\]

###### 

The salivary tumor markers in various malignancies
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The Salivary Tumor Markers in Oral Cancer {#sec1-8}
=========================================

The salivary tumor markers in oral cancer include genomic markers, transcriptome markers, protein markers and microbiota. These have been summarized in [Table 3](#T3){ref-type="table"}.

###### 

Summary of the tumor markers in the diagnosis of oral carcinoma
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The salivary genomic markers {#sec2-2}
----------------------------

Tumor-specific genomic markers consisting of DNA and RNA markers which are identified in the saliva for the detection of oral cancer considering that the initiation and progression of malignant tumors is driven by the accumulation of specific genetic alterations. DNA shows tumor-specific characteristics such as somatic mutations in tumor suppressor genes and p53, microsatellite alteration, abnormal promoter methylation, mitochondrial DNA mutations, and presence of the tumor-related viral DNA.

Loss of heterozygosity (LOH) is defined as a loss of genomic material in one of the chromosomal pairs. Studies have shown that LOH in regions that contain a known human suppressor gene is an early predictor of malignant transformation of precancerous lesion.\[[@ref26]\] Studies have demonstrated frequent LOH in chromosomes 3p, 9q, 13q, and 17p as an early event in oral carcinogenesis.\[[@ref27][@ref28][@ref29][@ref30]\] Mitochondrial DNA mutations have also been useful to detect the exfoliated OSCC cells in saliva. Such mutations have been identified in 67% of the saliva samples from the OSCC patients by direct sequencing.\[[@ref31]\]

P53 gene is located on chromosome 17p and its main functional activity is cell cycle arrest and initiation of apoptosis in response to the DNA damage. Liao *et al*. have observed the mutation of p53 in the DNA extracted from the saliva of the OSCC patients, suggesting a potential use as biomarker for the oral cancer detection. The study concentrated on p53 exon 4 codon 63 mutations which was significantly higher.\[[@ref32]\] Other genes such as p16, p27, p63, p73 related to p53, and cell cycle are altered in varying degrees in oral cancer.\[[@ref33]\]

Promoter hypermethylation of several genes has been reported in the head and neck cancer. Rosas *et al*. identified aberrant methylation of, at least, one of the three genes (p16, MGMT, or DAP-K) in the OSCC.\[[@ref34]\]

Detection of telomerase activity in the saliva of the OSCC was performed by Zhong *et al*., and they detected telomerase positivity in 75% of the cases, suggesting that telomerase detection could be used as an assistant marker in the OSCC.\[[@ref35]\]

Cyclin D1 gene amplification is associated with poor prognosis in the OSCC.\[[@ref36]\] In another study, Ki67 marker was increased, while 8-oxoguanine DNA glycosylase, phosphorylated-Src, and mammary serine protease inhibitor (Maspin) were decreased in the saliva of patients with the OSCC.\[[@ref37]\] Microsatellite alterations of DNA were also observed in the saliva of patients with the small cell lung cancer.\[[@ref38]\]

The salivary transcriptome markers {#sec2-3}
----------------------------------

Salivary transcriptome diagnostics constitutes a novel clinical approach where a large panel of human RNAs is readily detected in the saliva. A speculation is that salivary mRNA is contained in apoptotic bodies or actively released in exosomes or microvesicles. Recently, microRNAs and small RNA molecules, 18--24 molecules in length, that seem to regulate transcription were also discovered in the existing saliva samples.\[[@ref39]\]

Li *et al*. by using the microarray analysis of the salivary transcriptome showed that seven markers displayed a significant elevation in the saliva of the OSCC patients. The validated seven genes could be classified in three ranks by the magnitude of increase into highly upregulated mRNA: interleukin-8 (IL-8), moderately upregulated mRNA: H3F3A (H3 histone, family 3A), IL-1-β, S100P (S100 calcium binding protein P) and low upregulated mRNA: DUSP1 (dual specificity phosphatase 1), OAZ1 (ornithine decarboxylase antizyme 1), and SAT (spermidine/spermine N1-acetyltransferase).\[[@ref40]\]

The salivary protein markers {#sec2-4}
----------------------------

The proteome represents the complete set of proteins encoded by genome and proteomics which is the study of the proteome that investigates the cellular levels of all the isoforms and post-translational modifications of proteins that are encoded by the genome of the cell under a given set of circumstances. While a genome is more or less static, the protein levels in a cell can change dramatically as genes get turned on and off during the cells response to its environment.\[[@ref41]\]

The protein biomarkers in the saliva are being analyzed both individually and as a panel of markers to aid in the early detection of the oral cancer and in implementing appropriate therapeutic regime. A 3-year effort by the human salivary proteome project, a consortium of three research groups including the Scripps Research Institute/University of Rochester, the University of California-San Francisco, and the University of California-Los Angeles/University of Southern California, has led to the identification of over 1100 nonredundant proteins in the human parotid and submandibular/sublingual secretions.\[[@ref42]\] With the successful compilation of the saliva proteome, a next step would be to identify potential diagnostic and/or prognostic biomarkers that could be used in a clinical context for disease detection and monitoring the saliva.

Hu *et al*. by using the in-depth analysis of the human salivary proteome revealed several salivary proteins (such as Mac-2 binding protein, myeloid related protein 14, CD59, profilin 1, and catalase) at differential levels between the oral cancer patients.\[[@ref43]\] Several salivary protein markers in the OSCC have been investigated in various studies and have shown relatively moderate sensitivity and specificity values relative to prognosis prediction. For example, defensins are peptides which possess antimicrobial and cytotoxic properties.\[[@ref44]\] Elevated levels of salivary defensin-1 have indication for the detection of OSCC, since higher concentrations of salivary defensin-1 were detected in the patients with OSCC compared with the healthy controls.\[[@ref45]\] In another study, soluble CD44 was elevated in the majority of patients with OSCC and distinguished cancer from benign disease with a high specificity.\[[@ref46]\]

St John *et al*. investigated whether IL-6 and/or IL-8 could serve as informative biomarkers for the OSCC in the saliva. Elevation of IL-6 has been shown to promote immune unresponsiveness and induction of wasting, cachexia, and hypercalcemia, all of which are observed in patients with OSCC who have a poor prognosis. IL-8 plays an important role in the stimulation of angiogenesis, proliferation, and chemotaxis of granulocytes and macrophages, which are prominent constituents in the stroma of OSCCs. In their study, the IL-6 levels in serum and IL-8 levels in the saliva of patients with OSCC were all higher than the determined cutoff value. It is known that salivary and serum IL-6 and IL-8 levels may be increased as a result of various oral cavity inflammatory conditions. However, the results were significant for IL-8 in saliva and not for IL-6 which suggest that the OSCC contribution to the elevation of IL-8 in saliva outweighs any potential background contribution by the host\'s potential inflammatory conditions.\[[@ref47]\] Many proteins at the elevated levels in OSCC patients\' saliva have been previously associated with the human cancers (e.g., squamous cell carcinoma antigen 2 \[SCC-Ag 2\], calcyclin, Rho GDP dissociation inhibitor, heat shock 70-kDa protein 1, Annexin I, cathepsin G, peroxiredoxin II, thioredoxin, short palate, and lung and nasal epithelium carcinoma-associated protein). Apart from the potential clinical applications, these target proteins may contribute to an understanding of the molecular mechanism of the disease.\[[@ref43]\]

Furthermore, some of the salivary proteins are underexpressed in the OSCC. For instance, clusterin is present in normal controls, but absent in the OSCC by subtractive proteomic analysis. This secretory protein is involved in programmed cell death, and downregulation of clusterin in esophageal squamous cell carcinoma and prostate cancer has been reported in previous studies.\[[@ref43]\]

Other salivary biomarkers which are significantly altered in the OSCC patients as compared with the healthy controls are inhibitors of apoptosis, SCC-Ag, carcino-embryonic antigen, carcinoantigen (CA19-9), CA128, CA125, intermediate filament protein (Cyfra 21-1), tissue polypeptide-specific antigen, reactive nitrogen species and 8-OHdG DNA damage marker, lactate dehydrogenase and immunoglobulin, s-IgA, insulin growth factor, metalloproteinase MMP-2 and MMP-11.\[[@ref48]\]

The salivary microbiota {#sec2-5}
-----------------------

Certain alterations in the diet, medications, habits, and host immune status may lead to the overgrowth of minor components of the oral microflora which predispose the site to disease. Kang *et al*. demonstrated a significant increase in the levels of *Porphyromonas gingivalis*, *Tannerella forsythia*, and *Candida albicans* in the cancer group than in the normal controls.\[[@ref49]\] Mager *et al*. found significantly elevated levels of *P. gingivalis*, *P. melaninogenica*, and *Streptococcus mitis* in the saliva of OSCC patients, thereby suggesting the role of salivary microbiota as a diagnostic indicator in OSCC.\[[@ref50]\]

Studies have found increased candidal carriage in the salivary samples of the OSCC group than in the normal controls.\[[@ref49]\] This indicates that the salivary analysis of candida species might be useful as a diagnostic and prognostic indicator of the oral precancer and cancer.

The presence of Human Papilloma virus and Epstein--Barr virus genomic sequences has been identified.\[[@ref17]\]

Conclusion {#sec1-9}
==========

Salivary screening can be the best choice as the primary screening test for the high-risk cases of OSCC, since the collection procedure is noninvasive and low cost. In addition, the specimen is with low background and inhibitory substances and less complex than blood. Not only the proteins, but also the saliva contains cell which may fall from the cancerous tissue in the oral cavity.

With the advances in nanotechnologies applied in proteomics and genomics, many biomarkers for the OSCC have been identified extensively. It is now required further studies to confirm its specificity in a large sample size, although to dissect the extraordinary complex genetic or proteomic expression profile and to find the "true" biomarker remain a challenge. Since, more and more bioinformatic computation platforms are generated, the systematic analysis will facilitate the identification of sensitive and specific biomarkers for the OSCC as well as for the other cancers.
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